Background The natural history of spontaneous idiopathic frozen shoulder is controversial. Many studies claim that complete resolution is not inevitable. Based on the 40-year clinical experience of the senior author, we believed most patients with idiopathic frozen shoulder might have a higher rate of resolution than earlier thought. Questions/purposes We determined the length of symptoms, whether spontaneous frozen shoulder recovered without any treatment, and whether restored ROM, pain relief, and function persisted over the long term. Methods We retrospectively reviewed 83 patients treated for frozen shoulder (84 shoulders; 56 women) 2 to 27 years (mean, 9 years) after initial consultation. The mean age at onset of symptoms was 53 years. Fifty-one of the 83 patients (52 shoulders) were treated with observation or benign neglect only (untreated group), and 32 had received some kind of nonoperative treatment before the first consultation with the senior author (nonoperative group). We also evaluated all 20 patients (22 shoulders; 13 women) with spontaneous frozen shoulder who underwent manipulation under anesthesia during the same time (manipulation group). The mean age of these patients was 49 years. The minimum followup was 2 years (mean, 14 years; range, 2-24 years). We determined duration of the disease, pain levels, ROM, and Constant-Murley scores. Results The duration of the disease averaged 15 months (range, 4-36 months) in the untreated group, and 20 months (range, 6-60 months) in the nonoperative group. At last followup the ROM had improved to the contralateral level in 94% in the untreated group, in 91% in the nonoperative group, and in 91% in the manipulation group. Fifty-one percent of patients in the untreated group, 44% in the nonoperative group, and 30% in the manipulation group were totally pain free at rest, during the night, and with exertion. Pain at rest was less than 3 on the VAS in 94% of patients in the untreated group, 91% in the nonoperative group, and 90% of the manipulation group. The Constant-Murley scores averaged 83 (86%) in the untreated group, 81 (77%) in the nonoperative group, and 82 (71%) in the manipulation group, reaching the normal age-and gender-related Constant-Murley score. Conclusions We found 94% of patients with spontaneous frozen shoulder recovered to normal levels of function and motion without treatment.
Introduction
Although documented frequently during the last 30 years [1, 2, 5-8, 10, 12-15, 18, 19] , the outcome of idiopathic frozen shoulder after nonoperative treatment is controversial. However, the natural course of a frozen shoulder is obscure owing to scanty literature [2, 5, 17] . Codman stated 77 years ago, ''even the most protracted cases recover with or without treatment in about two years'' [3] . The natural history has been reported only in two articles [5, 17] . In a prospective study of 41 patients, only 39% regained complete shoulder movements in 5 to 10 years [17] , but in a similar study of 45 patients, 89% achieved ConstantMurley scores of 80 or greater [5] . Eighty-nine percent to 100% of patients reportedly have complete or nearly complete relief of pain and restoration of motion after nonoperative treatment [5, 6, 12, 14, 15] . However, numerous authors have reported complete resolution is not inevitable [7, 8, [17] [18] [19] . Some of these studies lacked objective or subjective outcome criteria [17, 19] , strict inclusion criteria [19] , or physical followups [8] . In a well-conducted study of 62 patients, 50% still had either mild pain or stiffness of the shoulder after 7 years [18] . Therefore, it is unclear whether pain is relieved and motion and function restored with nonoperative treatment. Based on the 40-year clinical experience of the senior author (MV), we believe the outcome of spontaneous frozen shoulder without any treatment modalities might be better than stated.
We therefore determined (1) the length of the symptoms, and whether (2) ROM was restored, (3) pain was relieved, and (4) function was restored and maintained in patients with spontaneous, idiopathic frozen shoulder without treatment.
Patients and Methods
We retrospectively evaluated approximately 15,000 outpatient records and identified 231 patients with spontaneous idiopathic frozen shoulder seen by the senior author between 1975 and 1998. Additionally, from 1999 to 2006, the senior author collected the names of patients with idiopathic frozen shoulder seen at his offices and at his hospital. The criteria for inclusion were: (1) no trauma or only very minor shoulder trauma, (2) marked loss of active and passive shoulder motion (forward flexion B 1358, abduction B 1258, severe restriction in external rotation), (3) pain with extreme ROM, (4) normal findings in the true AP radiograph of the glenohumeral joint, (5) no particular treatment for frozen shoulder (no manipulation under anesthesia, no surgical treatment, no intraarticular corticosteroid injection), and (6) no suspicion of rotator cuff tear at the first consultation. We included patients with diabetes mellitus and thyroid dysfunction. We excluded patients with: (1) intrinsic glenohumeral disorders such as glenohumeral arthritis or rotator cuff tear, (2) history of substantial shoulder trauma, (3) previous or subsequent shoulder surgery or surgery on the same upper extremity, (4) reflex sympathetic dystrophy of the ipsilateral hand, (5) previous or subsequent fracture of the same upper extremity, or (6) insufficient patient status records (no ROM mentioned). We obtained permission to perform this study from the ethics committee of the study's hospital district.
Of the 231 patients with spontaneous frozen shoulder, 34 had died, 10 were not reachable (no address available), and one lived abroad. This left 186 patients (81%), and 155 (67%) agreed to participate. The two main reasons for nonparticipation (31 patients) were poor physical condition and a lengthy trip for followup. At the followup, we excluded another 52 patients for not fulfilling the inclusion criteria for various unexpected reasons (previous shoulder trauma not recorded at the first consultation, previous or subsequent shoulder or ipsilateral upper extremity surgery, surgical treatment of the frozen shoulder after the first consultation, or intraarticular corticosteroid injection). We excluded patients with secondary frozen shoulders, and patients with carpal tunnel or cubital tunnel surgery performed for the same upper extremity. This left 103 patients (44%) with idiopathic frozen shoulder (106 shoulders) treated only by observation or nonoperative treatment at the initial consultation. Of these, 20 patients (22 shoulders) underwent manipulation under anesthesia elsewhere. They served as the manipulation group. Of the remaining 83 patients (84 shoulders), 32 had received nonoperative treatment such as physiotherapy, and they served as the nonoperative group. Fifty-one patients (52 shoulders) received no treatment other than observation, and they served as the untreated group (Table 1) . Eighteen patients had bilateral frozen shoulders, but we included both shoulders of only three because in 15 patients the nonincluded shoulder was frozen either before or after the first consultation. Two patients (2.5%) had simultaneous bilateral frozen shoulders. The minimum followup was 2 years. The dominant shoulder was involved in 36% and the right shoulder in 37%. Twenty-three of the 103 patients (22%) related the onset of the symptoms to some kind of provocative action, such as throwing a rope. For the 22 patients for whom data were available in the medical records, shoulder stiffness had lasted 2.5 months (range, 0.5-7 months) before the first consultation. Patients in the nonoperative group already had treatment modalities such as acupuncture (two patients, six and eight sessions), ultrasound (two patients), physiotherapy (15 patients, eight to 20 sessions, seven reported worsening symptoms), and subacromial corticoid injections (20 patients, one to five injections, mean, two injections). We excluded the five patients who received intraarticular corticosteroids. Five patients had more than one nonoperative treatment. Twenty patients without labral or cuff tears underwent ultrasound examination of the shoulder, arthrography, or MRI. At the last evaluation, the mean age of the patients was 62 years (range, 46-78 years) in the untreated group and in the nonoperative group (range, 45-77 years), and 63 (range, 36-81 years) in the manipulation group.
After the initial appointment, 103 patients in the untreated and nonoperatively treated groups were subjected to observation. Although manipulation under anesthesia was the practice of the senior author during the whole period, he did not consider these 103 patients in need of that treatment. The indications for manipulation were (1) severe pain 5 to 6 months after the onset of symptoms, (2) severe restriction of motion restraining work activities 6 to 9 months after the onset of symptoms, and (3) a specific request from the patient 1 to 3 months earlier than indications (1) or (2) . Approximately 30 other patients underwent manipulation by the senior author during that period.
We observed no difference between the mean ages of the men and women (Table 1 ). All patients were at approximately the same stage of disease at the first consultation (Stages 2-3/3, using the staging system of Dudkiewicz et al. [6] ), and all had pain. At followup the mean ConstantMurley score was evaluated in three different ways: means, by subgrouping to normalized Constant-Murley, and by age-and gender-related Constant-Murley scores.
Initial evaluation included a detailed medical history, physical examination, and, in certain cases, AP radiographs. Most patients already had shoulder radiographs before the first consultation. No subjective or objective assessment occurred at this initial evaluation.
Questionnaires (Appendix 1) were sent to the patients along with an invitation to the study and included questions concerning demographics, and symptoms of the oncefrozen shoulder, including pain evaluation on a VAS (range, 0-10; 0 = no pain to 10 = maximal imaginable pain). Additionally, patients received the Simple Shoulder Test questionnaire [20] . The patients completed these questionnaires at home and returned them at followup.
All 103 patients in the untreated group and nonoperatively treated group and 52 subsequently excluded patients (a total of 155 patients with verified idiopathic spontaneous frozen shoulder) underwent a physical examination by one independent observer (HV) at followup. That observer recorded medical histories again for the patients and checked treatment records from other hospitals. Active and passive shoulder ROM measurements were similar to those from the first consultation obtained with a handheld goniometer, assessing bilateral active motion simultaneously Table 1 . with the patient in the standing position. Evaluation of forward flexion and abduction was by measurement of the angle formed by the arm and thorax. External rotation was measured with the arm adducted and the elbow at the side and flexed to 908. Internal rotation of the arm behind the back assessment was determined by the vertebral level that could be reached by the dorsum of the hand. The observer assessed shoulder function with the Constant-Murley score [4] with absolute and age-and gender-related scores calculated [11] . Shoulder strength was evaluated by manual muscle testing, and strength in abduction for the Constant-Murley score was evaluated using a Salter spring balance up to 11 kg at increments of 0.2 kg. Patients indicated the presence of a painful arc sign by yes or no. We also took a true AP radiograph of the index shoulder in external rotation. We used the Student's t-test to determine differences in the length of the symptoms between the untreated group and the nonoperative group. ANOVA was used to determine differences in ROM, pain relief, and function in the untreated group compared with treated groups. Differences in categorical variables were tested with Pearson's chisquare test or with Fisher's exact test. We performed all statistical analyses with SPSS (Version 18.0; SPSS Inc, Chicago, IL, USA).
Results
The duration of the disease was similar (p = 0.080) in the untreated group and in the nonoperative group: means of 15 months (range, 4-36 months) and 20 months (range, 6-60 months), respectively. The disease lasted more than 24 months in 14% of patients in the untreated group and in 29% in the nonoperative group. In the untreated group, the recovery time for the eight patients with the worst ROM at the initial evaluation was similar (p = 0.101) to that for the other two groups (19 versus 14 months).
Active and passive ROM of the index shoulders improved to normal in 94% in the untreated group, 92% in the nonoperative group, and 89% in the manipulation group. When comparing ROM of the index shoulder with that of the contralateral shoulder at followup, there were no differences in the mean ROM within or between the groups studied (all p values greater than 0.343) ( Table 2) . Women had worse (p = 0.018) external rotation at the time of initial presentation than men (mean difference, 8.6°), and patients having the worst internal rotation were more often (p = 0.032) women (18 women versus three men), but we observed no differences in ROM at followup. The eight patients with the worst ROM in the untreated group recovered just as well (p = 0.001) as the others regarding followup ROM, except that their external rotation was inferior (p = 0.040): 45.0°versus 52.7°, respectively. In seven patients with diabetes, followup flexion was 15.7°w orse (p = 0.003) and followup abduction was 17.2°w orse (p = 0.003) compared with flexion and abduction of the other patients. Patients with hypothyroidism also had a tendency (p = 0.058) toward worse ROM than the others.
We observed no differences in pain at rest, with exertion, at night, or overall pain level in Constant-Murley scores between the untreated and treated groups or for patients with the worst ROM ( Table 2) . Of the patients with frozen shoulders for 24 months or more (six in the untreated group, eight in the nonoperative group), four in the untreated group and five in the nonoperative group were totally pain free. At followup we saw no differences in subgroups by normalized Constant-Murley scores, or by age-or gender-related Constant-Murley scores (Table 3) . Patients with Constant-Murley scores less than 80 showed a tendency (p = 0.058) toward longer duration of the frozen shoulder (22 versus 16 months). Those patients were as old as the other patients and had excellent mean Simple Shoulder Test results (10 versus 11/12) . Even the patients with poor ROM still reached the age-and gender-related Constant-Murley scores in both groups. Patients with the longest duration of frozen shoulder (24 months or more) did not differ from the others regarding mean ConstantMurley score (82.0 versus 83.8; p = 0.548) or the Simple Shoulder Test (11 versus 11; p = 0.908). According to a questionnaire completed by our patients, four were dissatisfied with their end result (Appendix 1, Question 29). One of these four patients was undergoing cancer treatment, one patient with diabetes had moderate arthrosis in the glenohumeral joint, and one woman was subjectively dissatisfied although her Constant-Murley score (78) suggested good function. One woman had diabetes for 62 years and also had hypothyroidism and Dupuytren's contracture in both hands. Her ConstantMurley score was only 45. The seven patients with diabetes reached an age-and gender-related Constant-Murley score less often than others did (p = 0.013). No patient had ceased working because of any ipsilateral shoulder problem, however, 46 (56.1%) retired owing to age, and 10 (55.6%) were not working owing to a nonrelated illness. Patients who fulfilled all three criteria for poor ROM recovered more slowly (p = 0.043) (28.8 months) compared with patients who fulfilled two of the criteria (16 months), or one criterion (12 months). However, the patients' Constant-Murley scores at last followup did not differ. The three patients in the untreated group with diabetes had ranges of motion inferior to those without diabetes (flexion, 26°; abduction, 24°; external rotation, 2°), and their followup ranges of motion were similarly inferior (7°; superior 3°; 4°).
Discussion
The natural course of idiopathic frozen shoulder is obscure owing to few published studies [2, 5, 17] . Therefore, it is unclear whether pain is relieved and motion and function restored without treatment. Based on the 40-year clinical experience of the senior author, we believe the outcome of spontaneous frozen shoulder without any treatment modalities might be better than stated. We wished to know the long-term natural outcome of spontaneous, idiopathic frozen shoulders. We therefore determined (1) the length of the symptoms and whether (2) ROM was restored, (3) pain was relieved, and (4) function was restored and maintained in patients without treatment for spontaneous, idiopathic frozen shoulder.
We acknowledge limitations to our study. First, we used the Constant-Murley score, a popular score for assessing shoulder function. However, the reliability of the Constant-Murley score has been questioned [9] , and for frozen shoulder may not be the best choice when muscle strength is included, because most patients with frozen shoulder cannot abduct their shoulders enough to lift 25 pounds reliably [16] . We used no other objective functional scores, but adopted the age-and gender-related Constant-Murley scores. The strength of the normal Table 3 . shoulder may differ by gender and deteriorates with age. Thus, the Constant-Murley score also may decrease in absolute value while still reflecting a normal score. We found men had higher Constant-Murley scores, apparently owing to originally greater strength. Second, we did not obtain Constant-Murley scores or administer the Simple Shoulder Test at the time the patients initially were seen. Although longitudinal assessment of outcome measures would provide additional insight into the progress, we had only ROM and strength measurements. We excluded patients whose ROM was inadequately documented in their medical records, and included only patients with appropriate records. For some patients, rotator cuff tendinitis preceded the frozen shoulder. For these patients, we calculated that the onset was 2 months before the patient experienced true limitation of ROM. In some cases, exact length of recovery was difficult for patients to remember. The shortest mean reported duration of spontaneous frozen shoulder without any treatment is 15 months [5] , and the longest 30 months [17] . In the former study, the mean followup was only 2 years, and some patients might not have totally recovered during this period. We found a mean resolution of 15 months. The shortest mean duration of recovery time after nonoperative treatment is 12 months in a well-documented 7-year followup study [18] , and the longest was 20 months, as with our patients [13] (Table 4) . The number of patients treated nonoperatively in our study was small, and therefore, this might influence the results.
Reeves [17] reported that 54% of untreated patients had slight restriction and 7% had marked restriction at 5 to 10 years. In contrast, 94% of our untreated patients achieved ROM similar to that of the contralateral shoulder. We cannot explain this difference. Although we included patients with diabetes and with thyroid disease in our study, their ROM recovered well. After nonoperative treatment, Binder et al. [1] reported 12% of patients had severe restriction and 28% had mild restriction at 4 years, and Shaffer et al. [18] reported 30% had measurable restriction at 7 years. However, even better results after nonoperative treatment have been reported [6] (Table 4) . After nonoperative treatment, 92% of our patients achieved ROM similar to that of the contralateral shoulder. We therefore believe ROM recovery after nonoperative treatment for an idiopathic frozen shoulder is better than reported in some studies.
We found no published studies regarding pain in an untreated frozen shoulder. Diercks and Stevens [5] stated 89% of their patients had normal or near-normal painless shoulder function, but they used only the ConstantMurley questionnaire and not a VAS. In our study, pain at rest was less than 3/10 on a VAS in 94% of patients showing good recovery. After nonoperative treatment, 43% of patients were reported to have persistent pain at 3 years [19] , 35% had mild pain at 7 years [18] , and 27% had mild or moderate pain at 1.8 years [7] . For our patients, pain at rest was less than 3/10 in 91% (Table 4) .
Seven percent of untreated patients had limited function at 5 to 10 years according to Reeves [17] , and Diercks and Stevens [5] reported a mean Constant-Murley score of 89 for their patients, with 89% achieving a score of 80 or greater. We found a mean Constant-Murley score in the untreated group was 83, the normal age-and gender-related score was 86, and the Simple Shoulder Test was 11/12, showing patients achieved good functional recovery. After nonoperative treatment, Diercks and Stevens [5] reported a mean Constant-Murley score of 80, with 60% of patients achieving a score of 80 or greater. Our patients achieved a mean Constant-Murley score of 81. However, Simmonds [19] reported that 71% of patients did not regain normal function by 3 years, and Melzer et al. [13] reported 17% of their patients had an unsatisfactory result at 4 years. Better function after nonoperative treatment has been reported in several studies [6, 7, 15] (Table 4) .
We determined the natural history of idiopathic frozen shoulder, the length of symptoms, recovery of ROM, pain relief, and function at a mean of 9 years. Our results were similar to those reported by Diercks and Stevens [5] , but better than those reported by Reeves [17] , whose patients took twice as long as ours for recovery from their frozen shoulder. We cannot explain this difference. Diercks and Stevens [5] stated supervised neglect yields better outcomes than intensive physical therapy and passive stretching in patients with frozen shoulder. Patients in our untreated group had better pain relief, ROM, and function than patients in our nonoperative group. Our study and the literature shows most patients with idiopathic frozen experience resolution without any treatment. We believe it is important to be able to tell a patient with some confidence that an idiopathic frozen shoulder generally recovers well without any restriction of motion or pain.
Appendix 1

Questionnaire, frozen shoulder
Name tag Date _________________ The questions below regard your right/left shoulder that was treated for frozen shoulder.
Circle the appropriate choice. At the end of the questionnaire is room for free comments. Unclear questions can be discussed at the examination. Yes [1] No 
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